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Abstract - This paper presents the design of a photovoltaic 
based power supply using a non-inverting buck-boost 
converter to charge batteries. The batteries can be used to 
power a load as back-up power when there is no sunlight. This 
approach presents a constant output of 48 V charging voltage 
for the batteries even though the input voltage may vary 
depending on the amount of solar irradiation falling on the 
solar panel. Solar charge controllers are important 
components in such an off-grid system because they can be 
used to protect the battery bank from overcharging and 
regulate the charging current. The buck-boost converter is 
used as a solar charge controller to maximize the charging 
voltage when the solar irradiation provides less than the 
required output voltage. The DC-DC converter (buck-boost 
converter) was modelled using the SIMetrix software to 
demonstrate the expected output waveforms before building 
the complete PV power supply. 
Index Terms - Buck-boost converter, DC-DC converter, 
Photovoltaic (PV) System, Solar charge controller, SIMetrix 
software. 
 
I. INTRODUCTION 
 
Renewable energy such as solar, wind, hydro, biogas 
and nuclear are many of the promising solutions that can 
be used to address the lack of access to clean electricity. 
Renewable energy can help to reduce the greenhouse gas 
emissions produced by fossil fuels such as coal and diesels. 
Many rural parts of the continent still lack access to 
electricity and clean drinking water. As a result, most of 
these communities, still rely on fossil fuels to perform daily 
activities such as lighting, cooking and heating. In sub-
Saharan Africa and Asia 84% of people lack access to 
electricity, where majority of these are rural dwellers [1]. 
Therefore, solar energy is one of the proposed methods of 
providing cleaner, safer and reliable energy to rural 
communities, especially where communities are not 
connected to the power grid. Solar energy is free, abundant 
and cheaper for powering homes with enough energy. This 
can be achieved by proper planning and execution, through 
which all the energy requirements may be met cost-
effectively [2]. 
II. METHODOLOGY 
A. PV Systems  
Solar panels convert solar energy into electrical energy. 
Most of the electrical energy is in the form of direct current. 
The direct current (d.c.) is connected to the solar charge 
controller for charging the batteries. Photovoltaic systems 
are classified according to their functionality and method 
of operation and careful consideration is given to customer 
requirements. Types of PV systems [3], [4] include grid 
connected, hybrid system and off-grid systems. 
Grid connected solar systems are systems which are 
connected in parallel with the national grid. This solar 
system utilises an inverter to invert the DC voltage from 
the solar panels into AC. 
The hybrid system is a combination of renewable energies 
(Solar, wind turbines, biogas) which are connected with the 
aim of providing stable power. In this system sub-
components complement one another in such a way that 
when one component does not supply sufficient power then 
another component takes over. Back-up storage is also 
used in this system in the case where renewable sources are 
not operating in favourable weather condition. Fig.1 shows 
an example of a hybrid PV system. 
 
 
Fig. 1 Example of hybrid system [5] 
The off-grid or stand-alone system as the name refers is not 
connected to the national grid. It supplies its own power 
during the day and at night and uses batteries as a back up. 
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This system requires a solar charge controller for efficient 
charging of batteries and battery regulation. 
 
B. Charge controllers  
Batteries are an important back-up system when using 
a stand-alone or off-grid PV system because it provides 
reliable power during the night when there is no solar 
radiation. Charge controllers are responsible for regulating 
the battery charge and preventing the battery from 
overcharging from the solar panels and discharging 
excessively due to the load. Therefore, charge controllers 
are vital for battery optimum performance. Charge 
controllers are also responsible for extracting the right 
amount of power from the solar panels to charge the battery 
by varying the time taken to charge the battery bank. Fig.2 
is a block diagram showing the connection of the charge 
controller. 
 
 
Fig. 2 Typical solar charge controller 
 
There are different types of charge controllers and these 
include; shunt charge controller, series charge controller 
and the DC-DC converter charge controller. 
The shunt controller is connected in parallel with the solar 
panel to regulate the charging of the battery from the solar 
panel. This is achieved by shorting the internal solar power 
[6]. The blocking diode of the shunt controller is connected 
in series with the battery to prevent the battery from 
discharging. This prevents the current from flowing back 
into the solar panel at night. 
The series charge controller is connected in series with the 
solar panel output. There is a switch in between the panel 
and the controller to make or break the supply should the 
battery be fully charged. This is one of the most commonly 
used charge controllers due to its simplicity and protection 
from the battery load. 
The DC-DC converters may be employed to operate as 
charge controllers depending on the type of circuit 
topology. One of the DC-DC converters that can be used 
as a charge controller is the inverted buck-boost converter. 
However, one of the disadvantages of using the inverted 
buck-boost converter is that its output voltage is negative. 
A positive output voltage is required to charge batteries and 
power a load.  
There are different types of DC-DC controllers such as the 
Cuk converter and the (SEPIC) single ended primary 
inductor converter which both output positive voltages [7], 
[8]. Cuk converters have the advantage of providing a 
continuous current for both the input and output. These  
 
topologies are efficient in stepping up a large voltage. 
However, they have the problem of generating large output 
voltage ripples and are made up of large components. The 
non-inverting buck-boost converter has the advantage over 
the Cuk and (SEPIC) converters in that it uses smaller 
components that are efficient and cost effective. 
In this paper the non-inverting buck-boost converter [9-15] 
is employed to improve the efficiency of the solar panel to 
charge the battery but still maintain a regulated output 
voltage to the battery.  
Below are some of the equations used to design and 
simulate the converter. These equations are used to 
calculate the component values for the buck-boost 
converter before being loaded into the SIMetrix software 
for simulation purposes. The specifications used in the 
simulation software are minimum input voltage 
௜ܸ௡௠௜௡which is 18 V, maximum input voltage  ௜ܸ௡௠௔௫ 
which is 52 V depending on solar radiation as described in 
[16] with regards to commonly used renewable energy 
sources. The switching frequency ܨ௦௪ is 150 kHz and the 
output voltage from the converter ௢ܸ௨௧ is 48 V. 
When the converter is operated in buck mode (step-down 
converter), equations (1) to (9) apply, 
Equation (1) is used to calculate the duty cycle of the 
switch,  
         ܦ ൌ ௏೚ೠ೟௏೔೙೘ೌೣ                   (1) 
which is 92.3%, ௢ܸ௨௧ and ௜ܸ௡௠௔௫  have previously been 
defined, ܦ is the duty cycle. 
Equation (2) is used to calculate output current, 
 
        ܫ௢௨௧ ൌ ௏೚ೠ೟ோ೚                                                 (2) 
Where ܴ௢ is the output resistance for the circuit, 200 m 
and the output current is calculated to be 240 A. 
 
Equation (3) is used calculate the change in the output 
current and is given by, 
 
  οܫ௢௨௧ ൌ ͲǤ͵ ൈ ܫ௢௨௧                                         (3)                    
The change in output current οܫ௢௨௧ is calculated to be 72 
A. 
 
Equation (4) is used to calculate the period of the switching 
frequency, 
 
       οܶ ൌ ஽ிೞೢ                                                        (4) 
The period of the switching frequency οܶ is calculated to 
be 6.153 μs. 
 
Equation (5) is used to calculate the change in output 
voltage οܸ. 
ο ௢ܸ௨௧ ൌ ͳΨ ൈ ௢ܸ௨௧    (5) 
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This results in 0.48 V. 
 
Equation (6) is used to calculate the value of the output 
capacitance used, 
 
ܥ௢ ൌ ο்ൈοூ೚ೠ೟ο௏೚ೠ೟ିοூ೚ೠ೟ൈோಶೄೃ      (6) 
 
Where, ܥ௢ is the output capacitance and ܴாௌோ is the 
effective resistance of 0.3 . The output capacitance ܥ௢ is 
calculated to be 20.9 μF. 
 
Equation (7) is used to calculate the value of the inductor 
when the switch is closed, 
 
ܮ ൌ ሺ௏೔೙೘ೌೣି௏೚ೠ೟ሻൈሺ஽ൊிೞೢሻοூ೚ೠ೟                   (7) 
The inductance value is calculated to be ܮ ൌ ͵ͶǤͳͺɊܪ. 
 
Equation (8) is used in calculating the input capacitance 
 
ο୧୬ ൌ ͳΨ ൈ ୧୬୫ୟ୶ 
 
ο ௜ܸ௡ ൌ ͳΨ ൈ ͷʹ ൌ Ͳǡͷʹ 
 
οܫ௜௡ ൌ
οܫ௢௨௧
ʹ ൌ ͵͸ܣ 
ܥ௜௡ ൌ ο்ሺο௏೔೙ൊοூ೔೙ሻିோಶೄೃ      (8) 
 
Where ο ௜ܸ௡ is the change in input voltage and οܫ௜௡ is the 
change in input current and all other variables are 
previously defined. 
 
The calculated value of the input capacitance in buck mode 
is ܥ௜௡ ൌ ʹͳǤͷͷɊܨ. 
 
Equation (9) is used to calculate the diode current ܫ஽, 
 
ܫ஽ ൌ ሺͳ െ ܦሻ ൈ οܫ௢௨௧                                       (9) 
 
The diode current is ܫ஽ ൌ ͷǤͷͶͶܣ 
                                     
 When the converter is operated in boost mode (step-up 
converter), equations (10) to (12) apply, 
Equation (10) is used to calculate the duty cycle of the 
switch in this mode. 
   ܦ௠௔௫ ൌ ͳ െ ௏೔೙೘ೌೣ௏೚ೠ೟                                               (10) 
The duty cycle ܦ௠௔௫ ൌ ͸ʹǤͷΨ 
Equation (11) is used to calculate the value of the inductor 
in this mode when the switch is closed, 
   ܮ ൌ ௏೔೙೘೔೙ሺ௏೚ೠ೟ି௏೔೙೘೔೙ሻοூ೚ೠ೟ൈிೞೢൈ௏೚ೠ೟    (11) 
The inductance is calculated to be ܮ ൌ ͳǤͲͶʹɊܪ 
Equation (12) is used to calculate the output capacitance 
in the boost mode. 
   ܥ௢ ൌ ஽ൈοூ೚ೠ೟ிೞೢൈο௏೚ೠ೟                 (12) 
Where ܦ is the duty cycle in boost mode all other variables 
are predefined. 
As a result, the calculated value for the output capacitance 
in this mode is 625 μF. 
All the calculated values for the buck and boost converter 
are entered into the SIMetrix circuit software in order to 
carry out the simulations as can be seen in Fig. 3 below. 
 
Fig. 3 Non-inverting buck-boost converter 
 
III.  RESULTS 
 
A. Simulation results for the buck-boost Converter in 
SIMetrix 
When the converter is used in boost mode with a 
voltage input of 18 V at a duty cycle of 62.5%, the output 
voltage achieved is 48 V reaching a peak of 49.39V with 
an output resistance of 2 . We observe that the input 
voltage is stepped up from 18 V to a peak voltage of 49.39 
V. The prototype circuit was able to boost the input voltage 
as expected with a switching frequency ܨ௦௪ of 151.5 kHz. 
These results mean that the non-inverting buck-boost 
converter can regulate both the voltage and current. When 
the circuit is operating in the boost mode the input voltage 
is boosted from 18 V to 49.39 V as shown Fig. 4. This 
brings the output voltage close to the required output of 48 
V to charge a battery bank. 
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Fig. 4 Output voltage in boost mode with 2 ૺ 
Resistance 
When the converter is operated in boost mode with a 
voltage input of 18 V at a duty cycle of 62.5 %, output 
resistance set at 0.2 , the output voltage achieved is 17.89 
V. Fig.5 shows that the input voltage is actually stepped 
down from 18 V to 17.89 V in this case. The reason for this 
behavior is because the output resistance is reduced to 0.2 
. This indicates that in boost mode the output resistance 
setting is very important and should be kept as high as 
possible. 
 
Fig. 5 Output voltage in boost mode with 0.2  
Resistance 
 
When the converter is operated in buck mode with an input 
voltage of 52 V at a duty cycle of 92.3 % and an output 
resistance of 2 , the settled output voltage achieved is 
48.2 V with a peak voltage of 58.83 V as can be seen in 
Fig.6. In the buck mode the input voltage is stepped down 
from 52 V to a settled value of 48.2 V. The high input 
voltage from the solar panels is stepped down to maintain 
the system voltage of 48 V that is used to charge the battery 
bank or power a load through an inverter. These results 
show that the non-inverting buck-boost converter can be 
used to regulate both the voltage and current supplied to 
the batteries. In buck mode the input voltage is chopped as 
shown in Fig.6 to the required 48 V. 
  
 
Fig. 6 Output voltage in buck mode with an input voltage of 52 V and an 
output resistance of 2  
 
When the converter is operated in buck mode with an input 
voltage of 52 V at a duty cycle of 92.3 % and an output 
resistance of 2.2 , the settled output voltage achieved is 
51.2 V with a peak voltage of 63.9 V as can be seen in 
Fig.7. In the buck mode it can be observed that the input 
voltage was stepped down from 52 V to a settled value of 
51.2 V with a peak of 63.9 V. In this case the buck mode 
struggled slightly to bring the voltage down to 48 V and 
settled on 51.2 V due to the slight increase in the output 
resistance to 2.2 . However, the results show that the non-
inverting converter in buck mode is still able to regulate the 
voltage and current and bring the input voltage of 52 V 
down closer to the required output of 48 V. 
  
  
Fig. 7 Output voltage in buck mode mode with an input voltage of 52 V 
and an output resistance of 2.2. 
B. Operation of the complete PV based power supply 
The non-inverting buck-boost converter (Solar Charge 
controller) is used to either step down (buck) or step up 
(boost) the output voltage to the batteries. The system 
specifications range from 18 -30 V for the input voltage 
and centre around 48 V for the output voltage to charge the 
batteries. When the solar panel extract more or less solar 
energy from the sun, then the non-inverting buck-boost 
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converter will regulate the output voltage to 48 V. The ON 
and OFF switching or connection of the buck-boost 
converter between the solar panels and the battery pack is 
performed by the PIC16F877 microcontroller. The 
complete prototype is shown in Fig.8 below. 
 
Fig 8. Complete prototype showing 10 W Solar panel, Non-inverting 
buck-boost converter, Output leads to a load and PIC microcontroller. 
 
IV. CONCLUSION 
A non-inverting buck-boost converter was simulated in 
SIMetrix software, and then subsequently built and tested. 
The non-inverting buck -boost converter can be used as a 
solar charge controller to regulate both the voltage and 
current used to charge batteries in a PV system. Graphs 
have been used to show that the buck-boost converter is 
used to regulate the output voltage to 48 V for charging 
batteries in the PV system. The ON and OFF switching and 
connection of the solar charge controller between the solar 
panels and the batteries is carried out by using the 
PIC16F877 microcontroller in the complete PV based 
power supply.  
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